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The indigenous, ‘normal’ microflora cause the majority of local-
ized infectious diseases of the oral cavity (eg, dental caries, alveo-
lar abscesses, periodontal diseases and candidiasis). The same
microflora also protect the host from exogenous pathogens by
stimulating a vigorous immune response and providing coloniza-
tion resistance. How can a microflora that support health also
cause endogenous oral disease? This paradoxical host-symbiont
relationship will be discussed within the dynamic of symbiosis. 
Symbiosis means ‘life together’ – it is capable of continuous
change as determined by selective pressures of the oral milieu.
Mutualistic symbiosis, where both the host and the indigenous
microflora benefit from the association, may shift to a parasitic
symbiosis, where the host is damaged and the indigenous
microflora benefit. Importantly, these are reversible relationships.
This microbial dynamism, called amphibiosis, is the essential
adaptive process that determines the causation of endogenous
oral disease by a parasitic microflora or the maintenance of oral
health by a mutualistic microflora. 

Complex microbial consortiums, existing as a biofilm, usually
provide the interfaces that initiate and perpetuate the infectious
assault on host tissue. The ecology of the various oral microhabi-
tats is critical for the development of the appropriate selecting
milieux for pathogens. The microbiota associated with dental
caries progression are primarily influenced by the prevailing pH,
whereas periodontal diseases and pulpal infection appear to be
more dependent on redox potential. Candidiasis results from host
factors that favour yeast overgrowth or bacterial suppression
caused by antibiotics. Oral health or disease is an adventitious
event that results from microbial adaptation to prevailing condi-
tions; prevention of endogenous oral disease can occur only when
we realize that ecology is the heart of these host-symbiont rela-
tionships.
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Le casse-tête buccal : La nature symbiotique
des infections endogènes de la cavité buccale

RÉSUMÉ : La microflore indigène “normale” est responsable de la
majorité des maladies infectieuses localisées de la cavité buccale (p. ex.,
caries dentaires, abcès alvéolaires, parodonthopathies et candidiases). La
même microflore protège l’hôte des pathogènes exogènes en stimulant
une réaction immunitaire intense et en offrant une résistance à la coloni-
sation. Comment une microflore qui contribue à la santé peut-elle être
responsable de maladies orales endogènes? Cette relation paradoxale
entre l’hôte et le symbiote sera abordée selon la dynamique de la symbiose.
Symbiose signifie “vivre ensemble”; elle est capable de modifications cons-
tantes déterminées par des contraintes sélectives du milieu buccal. Le
mutualisme, où à la fois l’hôte et la microflore indigène profitent de l’as-
sociation, peut se transformer en symbiose parasitaire, où l’hôte est
endommagé tandis que la microflore indigène prospère. Il est important
de souligner que ces relations sont réversibles. Ce dynamisme microbien,

l’amphibiose, est le processus d’adaptation essentiel qui détermine l’ap-
parition de maladies buccales endogènes par une microflore parasitaire, ou
le maintien de la santé buccale par une microflore mutualiste.
En général, des consortiums microbiens complexes, sous forme de film
biologique, fournissent les interfaces qui introduisent et perpétuent l’a-
gression infectieuse sur les tissus hôtes. L’écologie des divers microhabitats
oraux est essentielle à l’apparition de milieux sélectifs adaptés aux
pathogènes. La microbiote associée à la promotion de la carie dentaire est
influencée principalement par le pH dominant, tandis que les parodon-
thopathies et les infections pulpaires semblent dépendre davantage du
potentiel d’oxydoréduction. La candidiase résulte de facteurs propres à
l’hôte, qui favorisent la prolifération mycosique ou la suppression bacté-
rienne causée par les antibiotiques. La santé ou la maladie buccale est un
événement accidentel suscité par l’adaptation microbienne aux condi-
tions dominantes. La prévention d’une maladie buccale endogène n’est
possible que si on comprend l’importance de l’écologie, au centre de ces
relations entre l’hôte et le symbiote.

“Everything is everywhere; but the milieu selects…in 
nature and in the laboratory.”

Bass Becking, 1934 (1)

Why does our lifelong infection with the indigenous
‘normal’ microflora of the mouth cause disease? A

complex microflora well adapted to a variety of microenvi-
ronments – a consortium of microorganisms comprised of
more than 500 species, the majority of which remain
unidentified (2). We begin to acquire a microflora soon
after birth, are symbiotically associated with them for life,
and they are passed on to the next generation for continu-
ous co-evolution with the host (3,4). A symbiotic microflo-
ra, when mutualistic with its host, stimulate a vigorous
immune response and provides colonization resistance,
both of which protect us from overt pathogens that may
cause exogenous infectious disease (5). A microflora usual-
ly benign and essential for our well-being; yet, a protean
microflora that may become parasitic and cause a variety of
infectious oral diseases (eg, dental caries, pulpal infections,
periodontal diseases and mucocutaneous candidiasis) (6).
How can the same microflora that support health also cause
endogenous disease? This is the buccale puzzle.

The key to unravelling this puzzle is to define the
dynamic process that is intrinsic to relationships between
the host and the microbial symbionts of the oral cavity.
This dynamic is symbiosis or ‘life together’. Once estab-
lished, stable climax microbial communities are uniquely
ours for a lifetime. They are associated intimately with the
host and are in continuous flux because they adapt to the
selective pressures of the oral milieu. Microbial adaptation
in the human ecosystem is viewed as an amphibiotic
response. An amphibiont is an organism with “a spectral
position between probiosis and pathogenicity”, as defined
by Theodor Rosebury (7). Because endogenous oral disease
is caused by heterogeneous microbial populations within
biofilms, amphibiosis is viewed as a process of change that is
caused by microbial consortiums as a whole. Amphibiosis is
the essential process that determines the causation of

endogenous infectious disease by a parasitic microflora or
the maintenance of oral health by a mutualistic microflora,
and is congruent with the ‘ecological plaque hypothesis’
that was proposed by Philip Marsh (8). This is the cognitive
framework that facilitates our understanding of ecological
relationships that involve complex communities of
microorganisms as they interact with the host, resulting
either in health or disease – the key to the buccale puzzle.

SYMBIOSIS
The etymology of symbiosis is from the Greek, meaning ‘life
together’. The term was introduced into biology in 1878 by
Anton de Bary and was defined as “the living together of
unlike organisms” (9). In 1876, Pierre-Joseph van Beneden,
in his book Animal Parasites and Messmates, discussed the
terms ‘parasitism’, ‘commensalism’ and ‘mutualism’ within
the context of symbiosis. He wrote that the parasite “is he
whose profession is to live at the expense of his neighbor,
and whose only employment consists in taking advantage of
him, but prudently, so as not to endanger his life,” the com-
mensal “is he who is received at the table of his neighbor to
partake with him of the produce of his day’s fishing…the
messmate does not live at the expense of his host; all that
he desires is a home or his friend’s superfluities,” and the
“mutualists are animals which live on each other, without
being either parasites or messmates…some render each oth-
er mutual services…” (9). Current definitions support these
early biologists’ ideas. Dorland’s Illustrated Medical
Dictionary, 29th edition (10), defines symbiosis as 

…the living together or close association of two dissimilar
organisms, each of the organisms being known as a sym-
biont. The association may be beneficial to both (mutual-
ism), beneficial to one without effect on the other
(commensalism), beneficial to one and detrimental to the
other (parasitism)… 

Stanier et al, in The Microbial World (11), embrace this def-
inition and go on, importantly, to suggest that the character



of the symbiosis is subject to change, depending on envi-
ronmental conditions. 

In mutalistic symbioses both partners benefit from the
association; in parasitic symbioses one partner benefits,
but the second gains nothing and often suffers more or less
severe damage…the nature of a particular symbiosis can
shift under changing environmental conditions, so that a
relationship that starts out as mutualistic may become par-
asitic, or vice versa (11). 

Symbiosis is a dynamic state that is capable of change, and
this dynamism is called amphibiosis.

Symbiosis has also been defined more narrowly as mutu-
alism, or a close association that brings benefit to both the
host and the symbiont. In Jan Sapp’s Evolution by
Association (9), Sapp attributes symbiosis to be equated with
mutualism, as in 19th century sociopolitical thought. In
response to social Darwinism, symbiosis was given a benefi-
cial denotation and evolved into mutualism (9). It is criti-
cal that the original concept of symbiosis (life together) be
maintained. The language that is used in investigations of
indigenous microbial populations that interact with host
surfaces must be clear, and there must be a consensus of
understanding among investigators. Defining symbiosis
solely as mutualism is restrictive and limits our use of lan-
guage; therefore, to understand this phenomenon, symbio-
sis must maintain its intended meaning – that of life
together. Clear knowledge of this term is an essential first
step to understanding the infinite possibilities that charac-
terize the dynamic nature of host-symbiont interactions.

DENTAL CARIES
Dental caries is a localized, progressive decay of the teeth
initiated by the demineralization of the outer surface of the
tooth due to organic acids produced locally by bacteria that
ferment deposits of dietary carbohydrates. With progres-
sive loss of tooth mineral and secondary destruction of
tooth protein by continued bacterial action, cavities form
which, if untreated, extend and destroy most of the tooth,
often leading to serious infection of the surrounding tis-
sues...The development of caries requires critical relation-
ships between tooth surface, oral microbiota and dietary
carbohydrate (12). 

The tooth is a unique anatomical tissue. Crown emamel
and root cementum are nonshedding surfaces. Once teeth
erupt into the oral cavity, they are immediately coated with
salivary glycoproteins, which act as a substrate for subse-
quent colonization by microorganisms. The growth and
coaggregation of microbes on the surfaces of teeth result in
the development of an adherent biofilm, otherwise known
as dental plaque (13). Plaque has a propensity to accumu-
late in retentive tooth areas that are free of shear forces
generated by the oral musculature or dental mastication
(eg, occlusal pits and fissures, approximal contacts, the gin-
gival area surrounding the tooth and interfaces between fill-

ings and surface enamel). Dental plaque is required for the
formation of dental caries (14); however, dental caries is a
conditional disease in that fermentable carbohydrates, pri-
marily sucrose, are necessary for the formation of lactic acid
(15). Lactic acid is the end product of glycolytic bacterial
metabolism. When a pH of less than 5.5 is reached, surface
demineralization usually occurs with eventual cavitation.
The mutans streptococci (Streptococcus mutans and
Streptococcus sobrinus) and lactobacilli are the primary etio-
logic agents of dental caries. Actinomyces species are also
involved in root surface caries (16,17). Oral cavities with
healthy dentitions usually have decreased numbers of
mutans streptococci in plaque deposits, low lactobacilli
counts in saliva and high counts of Streptococcus sanguinis
(18). Both reduced salivary flow and increased frequency of
sugar consumption appear to be major contributors to the
carious process. Reduced salivary flow results in increased
fermentable carbohydrate retention, loss of fermentable
substrate dilution and a diminished buffer capacity that is
intrinsic to saliva, all of which lead to low pH conditions
within the plaque. Sucrose is selective for the establishment
of cariogenic microorganisms (19). The intermittent con-
sumption of sucrose in people’s diets sets up an enrichment
culture within the oral cavity for the selection of chemo-
organotrophic microorganisms that have evolved efficient
metabolic pathways for energy production and storage dur-
ing feast or famine conditions. Dental caries can, therefore,
be viewed as a microbial adaptation to high energy fluxes
that occur in the oral cavity. Lactic acid bacteria are
microorganisms that have evolved physiological machinery
to compete efficiently under these conditions (20).

The capacity of lactic acid bacteria to produce [acidogenic]
and tolerate [aciduric] a relatively high concentration of
lactic acid is of great selective value, since it enables them
to eliminate competition from most other bacteria in envi-
ronments that are rich in nutrients. This is shown by the
fact that lactic acid bacteria can be readily enriched from
natural sources through the use of complex media with a
high sugar content. Such media can, of course, support
the growth of many other chemoheterotrophic bacteria,
but the competing organisms are largely eliminated as
growth proceeds by the accumulation of lactic acid,
formed through the metabolic activity of the lactic acid
bacteria (11). 

Mutans streptococci and lactobacilli are both acidogenic
and aciduric. Their ability to thrive under low pH acid con-
ditions in times of sucrose availability gives them a selective
advantage over oral bacteria that are not acid tolerant (21).
Although mutans streptococci and lactobacilli share the
foregoing physiology that belongs to the lactic acid bacte-
ria, they also have other characteristics that demonstrate
further their highly specialized adaptation to environments
where carbohydrate availability is in continuous flux. The
synthesis of intracellular iodophilic polysaccharide (IPS) in
times of carbohydrate excess, with later utilization of these
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storage compounds during energy deprivation, illustrates how
these microorganisms have developed the enzymatic capabil-
ity to survive under these special conditions of unbalanced
growth. Extracellular reserve polymers, in the form of fruc-
tans, are degraded by mutans streptococci and may have a
role similar to that of IPS (15). The affinity of mutans strep-
tococci to colonize the dentition is enhanced in the presence
of sucrose, and this appears to be due to the synthesis of
extracellular glucans from sucrose by glucosyltransferases.
Glucans function as a matrix for mutans streptococci accu-
mulation in dental plaque. Moreover, glucans produce a
biofilm with lower cell density, which results in the rapid
uptake of sucrose and concomitant acid production (15). In
addition, S mutans have developed a high affinity transport
system for sugar uptake during carbohydrate limiting condi-
tions. The phosphoenolpyruvate phosphotransferase system
(PEP-PTS) could provide relevant selective advantages (22). 

The ability of S. mutans and other facultative anaerobes
to persist in the oral environment is at least partly due to
their ability to extract energy for biosynthesis from a wide
variety of carbohydrates present in the diet of the
host...the PEP-PTS offers several important physiologi-
cal advantages to such microorganisms, which live in eco-
logical niches where environmental conditions are such
that the energy source for biosynthesis and growth is
widely varied and fluctuates rapidly. These advantages
are as folloes: (i) By tightly coupling sugar transport with
its subsequent metabolism, the rates of both processes
become interdependent, enabling fine control and rapid
adaptation to changing environmental conditions. (ii) If
conditions change so that the energy source becomes lim-
ited (as in the oral cavity during fasting), the energy gen-
erating system allows for conservation of ATP because
the intracellular transport product is a sugar phosphate
that can enter metabolic pathways without further expen-
diture of energy. (iii) For microorganisms that synthesize
and store IPS, PEP-PTS participates in three metabolic
systems: transport, glycolysis, and IPS synthesis. By
linking catabolism of sugar with biosynthesis of IPS,
PEP-PTS acts as an interlocking metabolic key that
enables the cell to tune its overall physiology to a chang-
ing environment (23). 

The continued exposure of the oral cavity to sucrose fluxes
would select microorganisms (mutans streptococci and lac-
tobacilli) that have evolved enzyme systems that permit
them to function and, therefore, to compete efficiently
under these unbalanced growth conditions, and dental
caries would be the adventitious result. Americans on
average consume approximately 1 kg of sugar weekly (24).
This dietary pressure may affect selective changes in envi-
ronmental conditions that, in turn, alter the symbiotic
nature of the plaque microflora from a state of mutualism to
one of parasitism under these rather special conditions of
unbalanced growth. Cariogenicity is a manifestation of an
amphibiotic shift (20).

PULPAL INFECTION
The dental pulp, a vascularized connective tissue lined
with odontoblasts, is housed within the tooth and is quite
vulnerable to bacterial insult. Pulp tissue that is exposed to
oral bacteria, through either trauma or deep dental caries,
invariably becomes infected and abscessed. Pulpal infec-
tions are usually endogenous infections that are caused by
a mixture of obligate anaerobes that rely on serum and pulp
tissue as their primary source of nutrients. As a result, these
microorganisms tend to be proteolytic and they ferment
peptides and amino acids for their energy requirements. A
low redox potential (Eh), or the ratio of oxidized compo-
nents to reduced components in a system, results from con-
tinued anaerobic metabolism of degraded proteins within a
closed pulp chamber. The infected root canal’s low Eh
environment selects for a restricted group of anaerobic
microorganisms that are capable of progressive protein
degradation and extensive amino acid fermentation. These
microorganisms consist primarily of Bacteroides species,
Porphyromonas endodontalis, Eubacterium species,
Fusobacterium nucleatum and Peptostreptococcus micros. The
exposure of the dental pulp to the indigenous oral
microflora results in a parasitic symbiosis that causes pulpal
necrosis and an alveolar abscess formation that may poten-
tially endanger the host (25,26).

PERIODONTAL DISEASES
Inflammatory diseases of the periodontium are caused by
the indigenous microflora that live in the gingival sulcus or
periodontal pocket between the tooth and the nonkera-
tinized gingival sulcular epithelium. During active disease,
microbial populations approach 1011 organisms/gram wet
weight of plaque biofilm, with more than 500 species pres-
ent. Germ-free animals do not have inflammatory peri-
odontal disease, and the use of antibiotics is therapeutic for
the clinical management of periodontal infections. Both of
these facts indicate that bacteria are the primary etiological
agents of periodontal disease (27). The complexity of host-
symbiont relationships in periodontal diseases is daunting.
The oral host defenses are essential for well-being; however,
they may also contribute to pathogenesis. The host
response is in a delicate balance of co-recognition with its
microbial neighbors that live on the other side of the sulcu-
lar epithelium. Immune surveillance and the inflammatory
response are fundamental host components involved in the
regulation of periodontal disease progression, and refer to
comprehensive reviews on the subject (28,29).

The microflora found in the healthy gingival sulcus are
usually Gram-positive, facultative anaerobes composed pri-
marily of Streptococcus anginosus and Actinomyces naeslundii
(30). If dental plaque is permitted to accumulate with the
curtailment of oral hygiene, Gram-negative species, along
with motile forms, increase proportionally with the severity
of gingival inflammation (31). The onset of gingivitis results
in greater species diversity and the emergence of obligate
anaerobes, including spirochetes, Fusobacterium nucleatum
and Bacteroides species (32,33). The progression to
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advanced periodontitis, with the formation of deep peri-
odontal pockets and a loss of alveolar bone, is associated
with Porphyromonas gingivalis, Bacteroides forsythus and
Treponema denticola (the so-called ‘red complex’) (34). As
gingival inflammation intensifies, there is an increase in
gingival crevicular fluid (GCF) flow (35) and a lowering of
Eh, both of which indicate a transition to a highly anaero-
bic environment. The mean Eh for a healthy gingival sulcus
is +73 mV, whereas the mean Eh for a periodontal pocket is
–48 mV (36). Compared with supragingival plaque that is
exposed to dietary carbohydrates, subgingival plaque is pri-
marily an asaccharolytic, proteolytic microflora (37).
Bleeding that is associated with gingival inflammation
releases red blood cells into the sulcular environment,
where they may be lysed by bacterial hemolysins (38). The
availability of iron in the form of heme (39) and GCF, a
rich source of serum protein, is highly selective for prote-
olytic microorganisms (40). Laboratory studies by ter Steeg
and van der Hoeven (41) looked at the changes in subgin-
gival bacteria when they were enriched on human serum.
The prolonged growth of subgingival consortiums in a
chemostat led to the enrichment of proteolytic microorgan-
isms that were characterized by their progressive protein
degradation and extensive amino acid fermentation. The
proportional increase of Peptostreptococcus micros,
Fusobacterium nucleatum, Eubacterium brachy and T dentico-
la reflected the changes that occur in the subgingival
microflora during the natural history of gingivitis (41). 

The subgingival microflora are a highly interactive
microbial community that is capable of synergistic catabo-
lism within this food web of endogenous nutrients.
Sequential reduction in redox potential occurs by the
autogenic succession of microbes (42). For example, aero-
tolerant facultative anaerobes initially reduce available
oxygen, a highly reactive electron acceptor. As the syn-
trophic metabolic activity of these anaerobic consortiums
continues, heterotrophic compounds are reduced to
acetate, butyrate, ethanol, formate, lactate, propionate and
succinate, each creating a niche for continued anaerobic
respiration (43). The reduction of these fermentative end
products leads to methane production by methanogenic
bacteria at the bottom of the energy sink. Methanogenic
archaebacteria have been isolated from dental plaque (44).
Concomitantly, there is a drop in Eh as the ratio of reduced
products to oxidized products increases, making Eh a pri-
mary selective pressure in the subgingival microenviron-
ment (45).

Physiological cleansing of the gingival sulcus by GCF is
essential for maintaining periodontal health. Stagnation of
GCF and the retention of anaerobic microbial communities
appear to be significant determinants in the pathogenesis of
periodontal diseases. The accumulation of dental plaque
biofilm as the result of soft diets, poor oral hygiene, ortho-
dontic bands, restorations with overhanging margins, calcu-
lus or foreign objects lodged in the gingival sulcus may lead
to an enhanced inflammatory response due to allogenic
change (5,46). The selection and propagation of proteolyt-

ic anaerobes are key events in the cascading reduction of
heterotropic compounds that leads to anaerobiosis, and is
driven by microbial syntrophy. The lowering of Eh causes
an amphibiotic shift from a mutualistic symbiosis to a para-
sitic symbiosis. In addition, enhanced virulence expression
occurs within the subgingival microflora as Eh levels fall
(47,48). P gingivalis demonstrated increased hemagglutina-
tion and Arg-gingipain activity at a low redox potential
(49). Modulation of virulence could be affected directly by
Eh levels. The therapeutic use of methylene blue, which
potentially elevates the redox potential in the subgingival
environment, has been used in the management of peri-
odontal disease. Shifts in microbial composition from
Gram-negative, motile anaerobes to Gram-positive, non-
motile facultative anaerobes, along with improvement in
periodontal health, suggest that Eh is an important envi-
ronmental determinant for the selection of a mutualistic
microflora (50,51). Furthermore, cigarette smoking lowers
the Eh in the subgingival environment and could, there-
fore, select for a parasititc microflora (52). Cigarette smok-
ing is a significant predisposing environmental factor in the
pathogenesis of periodontal disease (53).

The selection of a parasitic microflora is essential for dis-
ease initiation; however, the host response is central to
pathogenesis. Impairment of immune function or aberra-
tion of the inflammatory response could exacerbate pre-
existing periodontal infections or result in unique
syndromes. Periodontitis is an endogenous infection with a
polymicrobial etiology; the host response could account for
the varied manifestations of this pandemic disease (54).

CANDIDIASIS
Colonization of oral tissues and prostheses by yeasts
The oral cavity presents a number of surfaces for Candida
species adhesion. These surfaces include epithelial cells,
inert polymers of dentures, orthodontic appliances, teeth
and oral bacteria. Yeasts are normal inhabitants of the oral
ecosystem. Although Candida albicans has been identified as
the major representative of the yeast community, other
species of yeast or fungi may be present, including Candida
dubliniensis, Candida glabrata, Candida tropicalis, Candida
krusei, Candida parapsilosis, Trichosporon capitum and
Cryptococcus neoformans. The presence of yeasts, per se, is
not an indication of infection or disease. C albicans is
detected in 20% of healthy individuals. The carriage rate
may reach more than 40% in hospitalized individuals,
which points at an exogeneous, nosocomial acquisition of
the yeasts. The carriage rate of Candida species rises under
certain conditions, including broad spectrum antibiotic
therapy, xerostomia, immunosuppressive therapy, use of
steroids in inhalers, diseases such as AIDS and the intro-
duction of dentures or certain orthodontic appliances into
the oral ecosystem. Colonization of the oral cavity by
Candida species was defined by Cannon (55) as the acquisi-
tion and maintenance of a stable population of yeast cells
which does not give rise to clinical disease. If the rate of
removal is greater than that of acquisition and growth,
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clearance will take place. If the rate is lower and there is tis-
sue damage, it will lead to candidiasis (55).

Denture-related stomatitis and the significance of 
oral biofilms
Denture-related stomatitis is a common condition among
people who wear complete dentures. It typically develops
on the upper maxilla of people who wear dentures (30% to
75%) and in young patients who wear palatal expansion
appliances, orthodontic appliances and partial or complete
dentures. It can result in minor (Newton Type I) to severe
(Newton Type II) inflammation and may cause irreversible
hyperplasia (Newton Type III). Although it is generally not
painful, stomatitis can cause enough discomfort to force
patients to remove their dentures. This can affect eating
habits and morbidity as well as the success or failure of
orthodontic treatments. The etiology of denture stomatitis
is complex and multifactorial; however, it shows a strong
association with the opportunistic yeast, C albicans.

Denture plaque formation is thought to be a trigger of
the inflammatory process and can offer a suitable field for
colonization by opportunistic yeasts. In plaque, micro-
organisms organize into complex structures that reach equi-
librium for a given environment, or maximize their growth
and resistance potential, by taking advantage of other
microorganisms and the surrounding environment. These
structures, called biofilms, are functionally organized assem-
blies of microorganisms that are encased in an extracellular
matrix composed mainly of polysaccharides. This microbial
community adheres strongly to the denture, where it thrives
on nutrients provided by the oral ecosystem. The intrinsic
properties of denture plaque make it an important microbial
reservoir, which can lead to persistent and recurrent infec-
tions in those who wear dentures. It has been shown that
C albicans can form a biofilm in pure culture.
Microorganisms that grow in biofilms are better able to
resist assaults from the surrounding environment. Denture
biofilms are difficult to remove or control, and it is thought
that unidentified factors may allow the transformation of
‘healthy’ plaque toward a pathogenic microbial community
which may be responsible for at least three health-related
problems: induction of inflammatory lesions and stomatitis
or mucosal infections; oral colonization by endogenous and
exogenous opportunistic pathogens, and cross contamina-
tion; and systemic diseases and remote infections.

The difficulty that pathogenic or opportunistic species,
including yeasts, experience in colonizing oral ecosystems
may, on the one hand, be related to: interbacterial competi-
tion for available space and nutrients; the absence of lig-
ands (adhesins) that allow atypical pathogens to adhere to
surfaces; the production of bacteriocins by oral bacteria; the
production of surfactants by certain bacteria; and host
defense mechanisms. On the other hand, proteolytic bacte-
ria in dental or denture plaque may promote colonization
by atypical pathogens by degrading fibronectin on oral sur-
faces (56,57). In addition, synthetic materials (eg, acrylic)

implanted in the mouth may offer suitable surfaces for colo-
nization by some pathogens (58,59). 

The very high prevalence of C albicans in people who
wear dentures (85%), while only 20% of people who do not
wear dentures are infected with C albicans, is evidence for
the selective pressure of dentures within the oral cavity
(60). The literature shows that C albicans colonizes den-
tures much more frequently than it colonizes the mucosa
that is in contact with the denture. Although the propor-
tion of C albicans in denture plaque increases up to 100-fold
in stomatitis patients, the yeast population represents less
than 1% of the cultivable microbial population that has
been isolated from dentures. Preliminary studies of young
people who wear partial or complete dentures, palatal
expansion appliances or orthodontic appliances (Hawley
type) indicate that C albicans is just as prevalent in this pop-
ulation. Although C albicans is associated mainly with
stomatitis, it is a major opportunistic pathogen that is
increasingly involved in serious nosocomial infections (sep-
ticemia and pneumonia). 

Oral biofilms under the influence of selection forces
As mentioned previously, the presence of C albicans is asso-
ciated strongly with denture stomatitis; however, the exact
role of the yeast in the inflammatory process is unknown.
C albicans does not penetrate the mucosa, thus it may exert
its effect by releasing virulence factors such as the aspartyl
proteases (SAPs) (61). It has been proposed that C albi-
cans does not act alone and that other oral micro-organ-
isms may contribute to the disease induction and
progression. In this regard, denture plaque may be impli-
cated because it is known that C albicans will colonize
acrylic more easily if oral streptococci (S mutans,
Streptococcus gordonii, S sanguinis and Streptococcus salivar-
ius) are already present (62). C albicans’ SAPs may be
induced in a low pH environment. If denture plaque reacts
similarly to dental plaque, it is likely that sugar will cause
the production of acid. Mannoproteins that are present on
the surface of C albicans may possess immunomodulatory
properties (63), and these molecules, along with other
biofilm exopolymers, may induce inflammation.

Oral biofilm formation is controlled by different factors
that exert both negative and positive selection pressure on
the microbial flora. An imbalance in one or many of these
factors may have a major influence on the composition of
microbial communities and may result in the transition
from a ‘healthy’ plaque to a pathogenic plaque. One of
these factors is beta-defensin. Beta-defensin is an antimi-
crobial peptide that is produced by epithelial cells of a vari-
ety of tissues, including oral mucosa (64) and has a wide
spectrum, acting on Gram-positive and Gram-negative
bacteria. Human beta-defensin-1 is constitutive, and it
serves as a local defense system, possibly to control the
local microbial flora. Beta-defensin-2 is also produced by
epithelial cells, but its production is induced during
inflammation (65). The production is very localized. Beta-
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defensins may act locally, similar to antibiotics. It is thus
possible that the presence of beta-defensin (h-BD2) pertur-
bates the flora in a localized manner and favours the estab-
lishment of C albicans. The possibilty that inflammation
may precede the colonization by C albicans has been pro-
posed by Budtz- Jorgenson and Bertram (66).

CONCLUSIONS
We acquire an autochthonous, indigenous microflora that
are with us for life – a microflora that are uniquely ours, dif-
ficult to change or replace with probiotics, and of vast com-
plexity, with numbers reaching 1014/individual body surface
(67). Beginning immediately after birth and continuing,
the microflora from our mothers or other intimate contacts
are transmitted to the surfaces of our bodies (68). Over time,
they evolve into mature complex ecosystems that form sta-
ble, yet protean, host-symbiont relationships with the host
(69). These climax microbial communities become physio-
logically and genetically diverse as they adapt to the con-
stantly changing environments of our body surfaces (70,71).
Moreover, they are homeostatic systems that exist in a state
of physiological equilibrium in both health and disease.

The established microbial consortiums of the oral cavity
colonize or infect a variety of microhabitats. Collectively,

they contain a composite of all the necessary micro-
organisms for either localized health or endogenous disease
(72). They are continuously bathed in saliva and subjected
to the oral functions of mastication and swallowing. The
flow and mixing of saliva facilitates microbial dispersion
throughout the oral cavity. Microbial availability enriches
the selection process and promotes diversity among the
myriad of ecohabitats within the oral cavity. The indige-
nous microflora are capable of engendering health or caus-
ing endogenous disease, as determined by the microbial
populations selected for by the oral milieu (73). 

Oral health or disease is an adventitious event that
results from microbial adaptation to the prevailing condi-
tions of the moment. The clinician’s intervention for the
prevention of endogenous disease can occur only when we
realize that ecology is the heart of these host-symbiont
relationships. Understanding the processes of change that
result in early childhood caries, chronic periodontal dis-
eases, candidiasis or pulpal infections will enable the
development of holistic strategies for their prevention.
We need to know how to select for the appropriate oral
microbes that result in health rather than disease. This
will occur only when we look at amphibiosis from an eco-
logical perspective.
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